Objective-To investigate the clinical value of a new non-invasive method for assessing baroreflex sensitivity using downward tilting. Patients-34 patients with diabetes mellitus, mean (SD) age, 53.6 (11.8) years. Design-Arterial blood pressure and ECG were recorded simultaneously while the patients were on a tilt table. After 20 minutes at a 70°upright tilt, the patients were returned to the supine position at a speed of 3.2°/s (downward tilting baroreflex sensitivity test, DT-BRS). A beat to beat systolic blood pressure increase associated with a corresponding lengthening of the RR interval was noted during downward tilting. Baroreflex sensitivity was also assessed using the conventional method of an intravenous injection of phenylephrine (Phe-BRS). Heart rate variability was analysed during rest and tilting. Results-The slope of the regression line for systolic blood pressure v RR interval during downward tilting was highly correlated with Phe-BRS (r = 0.83, p < 0.0001). Both DT-BRS and Phe-BRS were correlated with the high frequency (HF) component of resting heart rate variability (p < 0.005) and with the ratio of the low frequency to the high frequency component (LF/HF) during upright tilting (p < 0.005). DT-BRS and Phe-BRS were also correlated with the diVerence between rest and tilting values of HF and LF/HF (p < 0.005). Conclusions-DT-BRS provides a physiological, non-invasive method for determining baroreflex sensitivity and may be a useful index of reflex cardiac vagal and sympathetic function in patients with diabetes mellitus. (Heart 2001;86:643-648) 
Baroreflex sensitivity is a marker of the ability to augment vagal activity. Previous experimental and clinical studies have shown that reduced baroreflex sensitivity is associated with an increased risk of lethal ventricular arrhythmias following myocardial infarction.
1-5 The method most extensively described for assessing baroreflex sensitivity involves bolus intravenous injections of phenylephrine. 6 Several non-invasive methods have been proposed for quantifying baroreflex sensitivity, such as the spectral 7 8 and sequence methods. 9 10 We have recently developed a new non-invasive method to evaluate the baroreflex, using downward tilting. In our previous study conducted in healthy volunteers, 11 we showed a strong correlation between systolic blood pressure increase and corresponding RR interval lengthening during downward tilting (downward tilt baroreflex sensitivity test, DT-BRS), which yielded DT-BRS values that correlated well with those obtained by the phenylephrine method (Phe-BRS). The DT-BRS value also correlated significantly with the high frequency component of basal heart rate variability. We suggested that assessment of the baroreflex response to downward tilting could serve as a non-invasive index of reflex cardiac vagal function. However, because we tested a relatively small homogeneous group of young healthy male subjects, it was not clear whether DT-BRS would be a reliable method for assessing autonomic function in the clinical setting-for example, in patients with heart failure or diabetes mellitus.
Autonomic neuropathy is a common complication of diabetes mellitus and is associated with increased mortality. 12 13 Several studies have shown that baroreflex sensitivity is impaired in diabetes, in both the experimental [14] [15] [16] and the clinical setting. [17] [18] [19] [20] Our main purpose in the present study was to assess the baroreflex response during downward tilting in patients with diabetes mellitus, to confirm whether this new method is a clinically useful test in patients whose reflex cardiac vagal activity requires clinical assessment. It has been shown that the parasympathetic nervous system mediates heart rate variability predominantly in the supine position, whereas during orthostatic positioning (such as upright tilting) the sympathetic nervous system predominates. 21 We therefore also evaluated the contribution of the vagal and sympathetic nervous systems to the impaired control of baroreflexes in diabetes by comparing heart rate variability at rest and during head up tilt.
Methods

PATIENT POPULATION
We studied 34 patients with diabetes mellitus (12 men, 22 women) aged 26-71 years (mean (SD) age, 53.6 (11.8) years). Four patients had type 1 diabetes and the remaining 30 patients had type 2. They had a mean disease duration of 8.2 (7.1) years. Patients with atrial fibrillation, frequent atrial or ventricular arrhythmias, or atrioventricular block were excluded, as were those with clinical evidence of heart failure or renal failure, hypertension, peripheral vascular disease, or a history of myocardial infarction and cerebrovascular disease. Nineteen patients were being treated with insulin (n = 11) or oral antidiabetic agents (n = 8) at the time of the study. None of the patients was taking any drug treatment known to aVect the autonomic nervous system, such as blockers.
Written informed consent was obtained from all the subjects and the study was approved by our institution's review board.
STUDY PROTOCOL
Head up tilt testing was done in the morning (9 am to 11 am), after an overnight fast. Each patient was placed in the supine position on an electric tilt table with a footboard in a comfortable environment, and was instructed to breathe regularly at a rate of about 15 breaths/ min. Arterial blood pressure was recorded non-invasively using tonometry (Jentow-7700, Nihon Colin, Komaki, Japan). The tonometric sensor was attached over the left radial artery. To keep the level of the heart and the tonometric sensor equal during tilting, the left arm was held horizontally on a plate attached to the table. The accuracy of continuous blood pressure monitoring using this system has been demonstrated previously. 22 Arterial blood pressure and the standard 12 lead ECG were monitored simultaneously, and data were stored in a PCM data recorder (RD-200T, TEAC, Tokyo, Japan) for subsequent analysis. A Holter ECG (model 459, Del Mar Avionics, Irvine, California, USA) was also recorded throughout the procedure for analysis of heart rate variability. A venous catheter was placed in the right median cephalic vein for intravenous phenylephrine injection.
After 30 minutes of equilibration, passive upward tilting from 0°to 70°was performed and maintained for 20 minutes. Thereafter, the table was returned to the horizontal position at a speed of 3.2°/s. Fifteen minutes after completion of downward tilting, at which time the heart rate and blood pressure had completely returned to steady state levels, the baroreflex sensitivity was assessed by the conventional phenylephrine method (Phe-BRS). 6 Phenylephrine (1-3 µg/kg) was injected over five seconds to obtain a 15-40 mm Hg increase in systolic blood pressure. Baroreflex sensitivity was then calculated as the slope of the linear regression line relating systolic blood pressure to the RR interval. Regression lines with a significant correlation coeYcient (r) greater than 0.8 were accepted for subsequent analysis. Injection of phenylephrine was repeated twice and the mean of the two slopes was taken as the baroreflex sensitivity value.
Baroreflex sensitivity measured by the downward tilting method was calculated as the slope of the linear regression line relating systolic blood pressure to RR interval during downward tilting. Regression lines with r > 0.8 were accepted for analysis. Patients in whom tilting was discontinued because of the development of pronounced hypotension or bradycardia were excluded from the study.
To assess the reproducibility of the DT-BRS measurements, the same protocols for head up tilt were repeated 15 minutes after the first procedure in 10 randomly selected patients.
HEART RATE VARIABILITY ANALYSIS Heart rate variability was analysed over a 300 second interval on Holter ECG records made during supine rest and after 15 minutes of head up tilt. The power spectrum of the RR intervals was computed by fast Fourier transform and expressed as the area under the power spectrum curve. We calculated the power of two spectral bands-the low frequency component (LF, 0.04-0. Data are presented as mean (SD). Student's t test for paired observations was used to evaluate changes produced by the tilt manoeuvre. The correlation between two variables was evaluated by Pearson's correlation coeYcient. Correlation coeYcients (r) were tested for significance by t tests. The method of Bland and Altman 23 was used to determine limits of agreement between Phe-BRS and DT-BRS. Limits of agreement were defined as the mean diVerence in baroreflex sensitivity ± 2 SD. A probability value of p < 0.05 was considered significant.
Results
CHANGES IN BLOOD PRESSURE AND HEART RATE
VARIABILITY DURING HEAD UP TILTING Table 1 shows the eVects of the head up tilt manoeuvre on heart rate, blood pressure, and the indices of heart rate variability. During tilt, heart rate and the LF:HF ratio of heart rate variability increased significantly, although systolic blood pressure, LF, and HF were all reduced. There was no significant change in diastolic blood pressure on tilting. In this patient, initiation of downward tilting induced a beat to beat increase in systolic blood pressure that reached a maximum approximately 20 seconds after the start of the downward tilting (bottom tracing in fig 1A) . This increase in systolic blood pressure was accompanied by an increase in the corresponding RR interval (top and middle tracings in fig 1A) . Plotting the corresponding RR interval against systolic blood pressure in this subject showed a strong correlation (r = 0.91, p < 0.0001; fig  1B) , yielding a DT-BRS value of 6.0 ms/ mm Hg. The values of DT-BRS obtained in this group of patients varied widely, from 0.01 to 12.7 ms/mm Hg (mean (SD) 4.8 (3.4) ms/ mm Hg).
The reproducibility of the DT-BRS value was assessed as the standard deviation of the diVerences between the first and second determination and was expressed as a percentage of the average value. Reproducibility was 7.1% and the correlation coeYcient was 0.97 (p < 0.0001).
COMPARISON OF DT-BRS WITH PHE-BRS
In all patients, intravenous injection of phenylephrine caused an increase in systolic blood pressure (from 124.1 (17.1) to 148.3 (15.4) mm Hg), which correlated significantly with lengthening of the corresponding RR interval (from 863.7 (125.0) to 1048.7 (193.0) ms). The mean value of the rise in systolic blood pressure during Phe-BRS was similar to that during DT-BRS (24.2 (10.9) v 23.9 (9.1) mm Hg); however, the mean value of RR interval lengthening in Phe-BRS was greater than in DT-BRS (185.0 (110.2) v 137.7 (91.4) ms, p = 0.0003).
The values of Phe-BRS also varied widely in our population sample, from 0.01 to 25.0 ms/ mm Hg (mean (SD), 7.4 (6.4) ms/mm Hg).
Three representative examples of the correlation between systolic blood pressure increase and corresponding RR interval lengthening during the downward tilting and phenylephrine methods are shown in fig 2. A 27 year old patient had a normal Phe-BRS (15.5 ms/ mm Hg) and her DT-BRS value was also high (9.3 ms/mm Hg) (fig 2A) . In contrast, Phe-BRS obtained from a patient aged 63 years fell to 3.6 ms/mm Hg and her DT-BRS value was virtually the same ( fig 2B) . Another patient, a 61 year old woman, showed a major reduction in both Phe-BRS (1.1 ms/mm Hg) and DT-BRS (0.8 ms/mm Hg) ( fig 2C) . We evaluated the relation between the values of DT-BRS and Phe-BRS in all 34 patients (fig 3) . DT-BRS was well correlated with Phe-BRS (r = 0.83, p < 0.0001), though the mean DT-BRS value was significantly lower than the mean Phe-BRS value, at 4.8 (3.4) v 7.4 (6.4) ms/mm Hg (p < 0.0005). The mean diVerence in baroreflex sensitivity as determined by the two methods was 2.7 ms/mm Hg, and the limits of agreement were −5.4 to 10.8 ms/mm Hg.
COMPARISON OF BAROREFLEX SENSITIVITY WITH
HEART RATE VARIABILITY AT REST AND DURING
TILT
In all patients studied, DT-BRS was correlated significantly with the power of the LF and HF components of heart rate variability at rest and with the LF and LF/HF ratio during tilt, but not with the HF during tilt or the LF/HF ratio at rest (table 2) . DT-BRS was also correlated with LF, HF, and LF/HF. Phe-BRS was significantly correlated with the indices of heart rate variability, and the correlation coeYcients were almost equivalent to those obtained with DT-BRS.
Discussion
In this study we assessed cardiac baroreceptor reflex sensitivity using a downward tilting method and attempted to explore the relation between this method and the conventional phenylephrine method in patients with diabetes mellitus. The major finding was a significant correlation between the rise in systolic blood pressure and lengthening of the RR interval during downward tilting. We also showed that DT-BRS values were well correlated with Phe-BRS values and with heart rate variability.
ASSESSMENT OF BAROREFLEX SENSITIVITY
The ability to augment vagal activity can be determined by baroreflex sensitivity. Although several quantitative approaches have been developed for evaluating baroreflex sensitivity, the method used most extensively involves a bolus injection of the pressor drug phenylephrine.
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The disadvantage of the phenylephrine method is that it involves the intravenous administration of a pressor agent to raise the blood pressure, which artificially disrupts physiological cardiovascular homeostasis. In addition, as systolic blood pressure sometimes increases rather greatly after phenylephrine administration (as shown in fig  2C) , this method may not be feasible in cases where there is pronounced hypertension or a significant risk of cardiovascular events. Recently, several non-invasive methods of assessing baroreflex sensitivity have been proposed, including spectral analysis 7 8 and sequential beat by beat analysis of spontaneous oscillations of blood pressure and RR interval. 9 10 17-20 Both spectral analysis and the sequential method can detect the minimal recruitment of cardiac vagal eVerents by natural pressure variations. However, as those methods require special computer analysis techniques they have not been widely used in the clinical setting.
Recently, we proposed a new non-invasive method to assess baroreflex sensitivity using downward tilting. 11 We assessed the relation between changes in systolic blood pressure and RR interval during downward tilting in healthy subjects and found a significant correlation between these variables. We called this noninvasive approach DT-BRS. DT-BRS also correlated significantly with baroreflex sensitivity measurements obtained by the phenylephrine method. In our previous study, however, only a small homogeneous group of healthy young Values are correlation coeYcients of the linear regression analysis between downward tilt baroreflex sensitivity measurement (DT-BRS) and conventional phenylephrine assessment (Phe-BRS) versus indices of heart rate variability. *p < 0.01, **p < 0.005, ***p < 0.0001. LF and HF, low and high frequency components of heart rate variability; LF, HF, and LF/HF, the diVerence between rest and tilt values of LF, HF, and LF/HF, respectively. Measured values of LF and HF were transformed by a natural logarithm. subjects was tested. 11 Baroreflex control in diseased patients-such as those with hypertension, heart disease, or diabetes-diVers from that in healthy subjects. Patients with diabetes mellitus often have autonomic disturbances with impaired baroreflex sensitivity. [17] [18] [19] [20] We found a wider distribution of DT-BRS values in our diabetic patients than in the healthy subjects.
Figure 2 Relation between systolic blood pressure increase and corresponding RR interval lengthening during downward tilting (empty circles) and phenylephrine injection (filled circles) in three representative examples of the patients studied. (A) A patient aged 27 years showing a normal Phe-BRS value (15.5 ms/mm Hg) and a slightly lower DT-BRS value (9.3 ms/mm Hg). (B) Phe-BRS obtained a patient aged 63 years was reduced to 3.6 ms/mm Hg and the DT-BRS value was virtually the same. (C) A 61 year old female patient with a major reduction in both Phe-BRS (1.1 ms/mm Hg) and DT-BRS (0.8 ms/mm Hg).
COMPARISON BETWEEN DT-BRS AND PHE-BRS
DT-BRS values were significantly correlated with Phe-BRS values in patients with diabetes mellitus in the present study, as in our normal controls. 11 This suggests that DT-BRS provides an assessment of reflex cardiac vagal function comparable with that obtained by the phenylephrine method, though the values obtained with the downward tilting method were lower than with the phenylephrine method.
There are several possible reasons for the diVerence between the DT-BRS and Phe-BRS values.
First, with the phenylephrine method a vasoconstriction induced rise in blood pressure stimulates arterial baroreceptors, causing activation of vagal eVerents; this results in lengthening of the RR interval. Conversely, the rise in blood pressure that occurs in response to downward tilting is thought mainly to reflect the increased venous return, which is followed by an increase in cardiac output. This must involve activation of cardiopulmonary baroreceptors in addition to arterial baroreceptors. Thus DT-BRS may assess both cardiopulmonary and arterial baroreceptor sensitivity.
Second, although the gain in systolic blood pressure during in downward tilting was similar to that with phenylephrine administration (mean (SD), 23.9 (9.1) v 24.2 (10.9) mm Hg), the level of systolic blood pressure achieved with these two methods was diVerent, in that blood pressure at the start and end of downward tilting was lower than in the phenylephrine method, as shown in fig 2. Baroreflex control in the physiological state in human subjects is not static, and dynamic resetting of the threshold occurs depending on the level of arterial blood pressure. 24 While the gain of the phenylephrine induced baroreflex is an index of maximum recruitment of cardiac vagal eVerents during extremes of parasympathetic engagement caused by artificially induced pressure increases, the baroreflex obtained by downward tilting assesses a more physiological level of recruitment of cardiac vagal eVerent neurones.
Third, while the phenylephrine method is performed in a resting supine position with high vagal tone and sympathetic inhibition, downward tilting was begun from a 70°upright posture in which sympathetic activity substantially increased. 21 In patients with heart disease, such as heart failure, sympathetic tone is substantially increased and this plays an important role in triggering lethal arrhythmias. Accordingly, baroreflex sensitivity assessment during downward tilting may be more useful than the phenylephrine method under such conditions, as it evaluates the baroreflex response in the setting of increased sympathetic tone.
COMPARISON WITH HEART RATE VARIABILITY Cardiac autonomic tone can be assessed reliably by spectral analysis of heart rate variability. HF power provides a marker of vagal tone, and the LF/HF ratio is an index of sympathetic activity. 25 The LF component is modulated by baroreflex perturbation. 26 In the present study, DT-BRS and Phe-BRS correlated significantly with the power of HF at rest. However, in these correlations, the correlation coeYcient was not very high (r = 0.52 to 0.56). Studies comparing baroreflex sensitivity with heart rate variability in postinfarction patients showed only a moderate correlation between the two methods. 27 Our results are consistent with these results. Although the HF components of heart rate variability and baroreflex sensitivity are both indices of vagal activity, they reflect diVerent physiological aspects. The former is a marker of tonic vagal outflow, whereas the latter is a marker of reflex vagal outflow.
Both DT-BRS and Phe-BRS were correlated positively with the LF/HF ratio during tilt. Head up tilt induces a physiological increase in sympathetic activity. In this study, tilting caused a decrease in HF and an increase in LF/HF, suggesting parasympathetic withdrawal and an enhanced sympathetic tone, which are consistent with previous studies conducted in healthy controls. 21 28 Thus the analysis of heart rate variability during tilt, especially the change of LF/HF from the supine position ( LF/HF), may be useful in the assessment of cardiac reflex sympathetic function. The arterial baroreflex influences both the sympathetic and parasympathetic limbs of the autonomic nervous system and cardiovascular function. Diabetic patients with autonomic dysfunction have reduced vagal tone combined with a reduced capacity to activate sympathetic tone. 29 The relation of DT-BRS to LF/HF during tilt and to LF/HF shown in this study suggests that DT-BRS could be a useful tool for assessing reflex cardiac vagal and sympathetic activity in patients with diabetes mellitus.
LIMITATIONS
Our study has several limitations. First, an electrical tilt table is necessary for DT-BRS, and this may not be generally available in clinical departments. Second, while 70°passive upright tilting was maintained for 20 minutes in the present study, the angle, duration of upright tilt, and the speed of downward tilt should be varied to determine the optimal conditions for baroreflex sensitivity assessment. Third, although the reproducibility of the DT-BRS values was very good, in clinically unstable patients baroreflex sensitivity determination at rest-such as spectral analysis or the sequential method-might be more suitable than DT-BRS. Finally, prospective evaluation of the prognostic significance of the results will be necessary to confirm the clinical value of DT-BRS in a larger and more heterogeneous group of patients.
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Community acquired staphylococcal pulmonary valve endocarditis in non-drug users: case report and review of the literature J J Edmond, S J Eykyn, L D Smith Right sided endocarditis usually involves the tricuspid valve, predominantly in intravenous drug users. It is also occasionally acquired in hospital as a result of contaminated intravascular devices. Isolated infection of the pulmonary valve is rarely seen. A case of community acquired Staphylococcus aureus pulmonary valve endocarditis that caused diagnostic confusion is reported. This infection occurred in a patient with no history of intravenous drug abuse and a previously structurally normal heart. (Heart 2001;86:e17) www.heartjnl.com/cgi/content/full/ 86/6/e17
Acute profound thrombocytopenia following angioplasty: the dilemma in the management and a review of the literature S N Makoni Abciximab, heparin, and clopidogrel are often used together in the setting of coronary syndromes. These drugs are associated with thrombocytopenia and it is important to quickly discriminate the cause of this complication as it has implications for the management of thrombocytopenia and the coronary syndrome. This case highlights some of the dilemmas that may arise as no test can definitively identify the oVending drug, and stopping these drugs can aVect the outcome of the coronary event including stent thrombosis. (Heart 2001;86:e18) www.heartjnl.com/cgi/content/full/ 86/6/e18
